Abstract The objective of this study was to assess whether the source of Colletotrichum graminicola isolates (leaves or stalks) affects anthracnose leaf blight (ALB) and anthracnose stalk rot (ASR) development. Ten greenhouse experiments were conducted, five to evaluate ALB and five to evaluate ASR, each using a distinct commercial maize hybrid varying in reaction to the diseases. A collection of 20 isolates, 10 recovered from symptomatic leaves, and ten from symptomatic stalks, were inoculated on the five hybrids. Maize leaves were inoculated 15 days after planting and ALB was evaluated 15 days after inoculation. Stalks were inoculated at pretasseling and ASR evaluated 30 days later. Both ALB and ASR were assessed using a 0-5 ordinal scale. No differences in ALB and ASR severity were observed between the two groups of isolates regardless of hybrid based on the non-parametric test. The ability of C. graminicola to infect and cause anthracnose on any part of the maize plant seemed to not depend on the source of the isolate.
). In addition to cultural methods, studies have reported the potential to use host plant resistance to manage ALB or ASR (Badu-Apraku et al. 1987; Toman and White 1993; Coêlho et al. 2001; Palaversic et al. 2009; Frey et al. 2011; Chung et al. 2011; Matiello et al. 2012) . In most of the studies for assessing maize reaction to ALB or ASR, a single aggressive isolate of C. graminicola is used. Cross-inoculation on separate parts of the maize plant with isolates recovered from either symptomatic leaves or stalks has not been considered. Thus, it is of interest to evaluate whether isolates of C. graminicola recovered from leaves or stalk tissue differ in aggressive on the stalk or leaves of maize plants, respectively. Therefore, the aim of this study was to compare ALB and ASR severity induced by two sets of isolates grouped by their tissue of origin.
To explore this objective, ten greenhouse experiments were conducted, five to evaluate ALB, and five to evaluate ASR. Each experiment used twenty C. graminicola isolates, and was defined by a single commercial hybrid varying in susceptibility to the anthracnoses. The hybrid BRS1010 is considered susceptible to anthracnose (Costa et al. 2010b; Cota et al. Section Editor: Paul D. Esker * Alessandro Nicoli agronicoli@yahoo.com.br stalk rot 2010), 2B710 is considered resistant to ALB and ASR (Costa et al. 2010b (Costa et al. , 2014 Cota et al. 2010; Carvalho et al. 2013) , 2B707 is considered resistant to stalk disease, and P30F35 and P3862 are considered moderately resistant to stalk disease (Cruz et al. 2013) . Among the twenty C. graminicola isolates evaluated in this study, ten were recovered from symptomatic stalk and ten were recovered from symptomatic leaves. These isolates were encoded using a numerical system with a prefix as S (stalk) or L (leaf). Isolates were recovered from maize plants in Sete Lagoas-MG (S1-S6, S8-S10, L1-L7), Chapecó-SC (S7), Campo Mourão-PR (L8-L9) and Cascavel-PR (L10), Brazil ( Table 1 ). In each trial the experimental design was completely randomized, with 21 treatments (twenty C. graminicola isolates and one control with water) and three replicates (pots). Inoculum concentration was 10 6 conidia/mL per isolate. Each experiment was performed once, and experiments were conducted sequentially at different time periods due to the space limitations.
For the experiments that examined ALB, four plants were grown in 5 L plastic pots. Inoculation was performed by spraying the plants to the point of runoff at 15 days after planting, corresponding to growth stages V4-V5 (Miranda et al. 2013) . Plants were then maintained at 80 % relative humidity for 15 h at a temperature of 26±2°C. Disease assessments were performed 15 days after inoculation (growth stage V7-V8) using the following rating scale: 1.0 (no symptoms); 1.5 to 2.0 (mild infection, presence of a small number of elongated lesions without sporulation, up to 10 % of the foliar area affected); 2.1 to 2.5 (mild to moderate severity, presence of elongated lesions without sporulation or hypersensitivity reaction, with 11 % to 15 % of the foliar area affected); 2.6 to 3.0 (severe infection with large number of sporulating lesions and with some coalescence, 16 % to 20 % of the foliar area affected); 3.1 to 4.9 (severe infection with large number of sporulating lesions and with some coalescence, 21 % to 40 % of the foliar area affected); 5.0 (very severe infection, with abundant and coalesced lesions; over 40 % of the foliar area affected). If mean scores were equal to or greater than 2.6, plants were considered susceptible (Ferreira and Casela 1986) .
For the experiments on ASR, one plant was grown in 20 L plastic pots and the plants were maintained at a temperature of 26±2°C and at a relative humidity of 40±10 %. Inoculation was performed in the pre-tasseling phase (growth stages V13-V15) using an inoculation needle that was dipped in the spore suspension. Plants were inoculated by first removing the lower leaves, exposing the internodes of the stalk base. The surface of the stalk was disinfected with 70 % alcohol and then the third internode above the soil line was perforated with a sterilized manual punch. The toothpick containing the spore suspension was then inserted into the stalk, and remained in the stalk until the time of assessment. Evaluations were performed at 30 days after inoculation, corresponding to growth stages R2-R3 (Miranda et al. 2013) . First, stalks were cut longitudinally, and disease severity was scored as follows: 0.5 (00.00 -12.5 % severity of anthracnose) 1.0 (12.6 -25 %); 1.5 (25.1 -37.5 %); 2.0 (37.6 -50 %); 2.5 (50.1 -62.5 %); 3.0 (62.6 -75.%); 3.5 (75.1 -87.5 %); 4.0 (87.6 -100 %) (Nicoli 2013) .
The ALB and ASR scores were first checked against the ANOVA assumptions. The scores data were submitted to analysis the homogeneity of variance with Bartlett's test and for normality with Kolmogorov-Smirnov test, both at the level of 5 % probability. As the data appeared not to satisfy these assumptions, the two groups of C. graminicola isolates (leaves and stalks) were compared as independent samples using a nonparametric Mann-Whitney test (5 % significance level). Analyzes were performed for ALB and ASR, by hybrid, leading to ten separate analyses. The Minitab statistical software (version 14) was used for the data analyses.
The severity of ALB and ASR on the different maize hybrids inoculated with 20 C. graminicola isolates are shown in Fig. 1 . On the leaves of BRS1010, all isolates caused ALB with severity greater than 3.0. On the stalk, nineteen isolates caused approximately 100 % ASR severity. On the leaves of 2B710, twelve isolates caused ALB with sporulating lesions and other eight isolates showed a mild infection without sporulation. On the stalk, only three isolates recovered from leaves caused severity approximately 3.0. On the hybrid 2B707, the isolates caused greater ALB severity than ASR. Those isolates caused severe infection on the leaves of the hybrid P30F35 with sporulating lesions. The severity of ASR in P30F35 was considered moderate when the scores were less than 2.0 and high when the scores were greater than 2.0. On the hybrid P3862, all isolates caused severity greater than 3.0 on the leaves and greater than 2.0 on the stalk. Mean scores of ALB and ASR for each maize hybrid inoculated with different isolates of C. graminicola are shown in Figs. 2 and 3, respectively. Focusing on ALB, isolates obtained from leaf and stalk tissue had the following mean scores: 3.75 and 3.82 (BRS1010), 2.50 and 2.53 (2B710), 2.95 and 2.82 (2B707), 3.25 and 3.22 (P30F35), 3.50 and 3.43 (P3862), respectively (Fig. 2) . Mean ASR scores for each hybrid inoculated with isolates recovered from leaf and stalk were 3.92 and 3.98 (BRS1010), 1.43 and 1.08 (2B710), 1.55 and 1.50 (2B707), 2.38 and 2.15 (P30F35), 2.73 and 2.88, respectively (P3862) (Fig. 3) .
Furthermore, no differences were observed in terms of the source of isolate, whether from leaf or stalks, on the ALB and ASR severity (P>0.05). ALB and ASR scores were statistically equal for the two groups of isolates in each hybrid (Figs. 2 and 3) . As previously described, C. graminicola survives as a saprophyte in surface corn debris and this is the primary source inoculum at the beginning of the subsequent growing season. The spores of the fungus are dispersed to Fig. 2 newly emerged seedlings where they infect and cause ALB but produce secondary inoculum for season-long foliar infection as well as for later-season stalk infection. ASR symptoms are more visible after the flowering of the maize plant, but the infection process begins with spores from the foliar lesions or those present in crop residues (Bergstrom and Nicholson 1999; Venard and Vaillancourt 2007; Jirak-Peterson and Esker 2011; Cota et al. 2012) .
The response of maize genotypes to C. graminicola may differ depending whether the infection by the pathogen occurs in the leaves or the stalk, thus suggesting different genetic mechanisms of resistance to ALB and ASR (Lim and White 1978; Zuber et al. 1981; Badu-Apraku et al. 1987; Chung et al. 2011) . However, regardless of the hybrids, which showed distinct levels of resistance to anthracnose (ALB or ASR), no statistical differences in ALB and ASR severity was found between the group of isolates. Even for the most resistant, hybrid 2B710 (Costa et al. 2010b (Costa et al. , 2014 Cota et al. 2010; Carvalho et al. 2013) , no difference between the groups of isolates was found. In conclusion, we found no evidence of tissue preference for C. graminicola isolates causing ALB and ASR.
